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Abstract
Background—Neighborhood socioeconomic status (nSES) has been found to be associated with 
breast cancer risk. It remains unclear whether this association applies across racial/ethnic groups 
independent of individual-level factors, and is attributable to other neighborhood characteristics.
Methods—We examined the independent and joint associations of education and nSES with odds 
of breast cancer. Residential addresses were geocoded for 2,838 cases and 3,117 controls and 
linked to nSES and social and built environment characteristics. We estimated odds ratios (OR) 
and 95% confidence intervals (CI) using multilevel logistic regression controlling for individual-
level breast cancer risk factors, and assessed the extent to which nSES associations were due to 
neighborhood characteristics.
Results—Women living in the highest versus lowest nSES quintile had a nearly two-fold greater 
odds of breast cancer, with elevated odds (adjusted ORs, 95% CI) for non-Hispanic whites 
(NHWs) (2.27, 1.45–3.56), African Americans (1.74, 1.07–2.83), U.S.-born Hispanics (1.82, 
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1.19–2.79), and foreign-born Hispanics (1.83, 1.06–3.17). Considering education and nSES 
jointly, ORs were increased for: low education/high nSES NHWs (1.83, 1.14–2.95), high 
education/high nSES NHWs (1.64, 1.06–2.54), and high education/high nSES foreign-born 
Hispanics (2.17, 1.52–3.09) relative to their race/ethnicity/nativity-specific low education/low 
nSES counterparts. Adjustment for urban and mixed-land use characteristics attenuated the nSES 
associations for most racial/ethnic/nativity groups except NHWs.
Conclusions—Our study provides empirical evidence for a role of neighborhood environments 
in breast cancer risk, specifically social and built environment attributes.
Impact—Considering the role of neighborhood characteristics among diverse populations may 
offer insights to understand racial/ethnic disparities in breast cancer risk.
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INTRODUCTION
Breast cancer is the most common cancer among women in all major racial/ethnic groups in 
the United States (U.S.) (1). Racial/ethnic disparities in breast cancer risk are well 
documented with substantially lower incidence rates among racial/ethnic minority groups 
compared to non-Hispanic white (NHW) women (1, 2). The underlying reasons for these 
racial/ethnic disparities in breast cancer risk remain unclear. Previous studies have focused 
on racial/ethnic differences in the distribution of individual-level reproductive and 
behavioral risk factors (3–5), yet the explanation for racial/ethnic risk differences is likely 
multidimensional, operating through both individual- and neighborhood-level factors (6).
A socioeconomic status (SES) gradient in breast cancer incidence is well-established, with 
evidence of positive associations with both individual-level SES measures (e.g., education, 
income, and/or occupation (7–11)), and contextual-level measures of neighborhood SES 
(nSES), (e.g., area-based characteristics of education, income, poverty, occupation, or 
multidimensional composite measures (reviewed in: (12))). However, only a few studies 
have been able to examine both individual- and contextual-level SES simultaneously, and 
their results are inconsistent (13–18). Population-based case-control studies (17, 18) support 
nSES as a risk factor for breast cancer, independent of individual-level education, 
reproductive and behavioral factors, while prospective cohort studies observed no nSES-
breast cancer associations (13, 14, 16). These prior studies included NHW (13–17) or 
African American women (14), and only one study examined joint influences of individual-
level SES and nSES on breast cancer risk (18).
The Neighborhoods and Breast Cancer Study (NABC) combined extensive questionnaire 
data on breast cancer risk factors from two large, multiethnic population-based studies of 
breast cancer conducted in the San Francisco Bay Area and small area-level social and built 
environment data from the California Neighborhoods Data System (CNDS) (19). To address 
the gaps in knowledge on the role of nSES in racial/ethnic disparities in breast cancer 
incidence, we examined the independent and joint associations of nSES and an individual-
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level indicator of SES – education - with breast cancer risk in NHW, African American, and 
U.S.- and foreign-born Hispanic women, while accounting for individual-level breast cancer 
risk factors. We further examined the extent to which social and built environment 
characteristics explained the nSES-breast cancer associations.
MATERIALS AND METHODS
Study population
The NABC study pooled data from the San Francisco Bay Area Breast Cancer Study 
(SFBCS), a case-control study of breast cancer conducted between 1995–2004 (20), and the 
Northern California Breast Cancer Family Registry (NC-BCFR), one of six international 
sites collaborating in the Breast Cancer Family Registry established in 1995 (21, 22). Cases 
diagnosed from 1995–2009 were enrolled in the NC-BCFR in several phases. This case-
control analysis includes only cases diagnosed from 1995–1998. Both studies identified 
women with a first primary invasive breast cancer via regional population-based cancer 
registries that ascertain all incident cancers as part of the Surveillance, Epidemiology, and 
End Results (SEER) program and the California Cancer Registry (CCR). Details on the 
study design and methodology of the NABC study have been provided (23, 24). Briefly, 
harmonized questionnaire data on breast cancer risk factors from the SFBCS and the NC-
BCFR were merged with neighborhood data from the CNDS (19) based on residential 
address at time of diagnosis for cases and interview for controls. Study participants provided 
written informed consent and all protocols were approved by the Institutional Review Board 
of the Cancer Prevention Institute of California.
The SFBCS identified cases aged 35–79 years, living in Alameda, Contra Costa, San Mateo, 
San Francisco, or Santa Clara counties at diagnosis. To enrich the sample for minorities, 
eligible cases included all Hispanics diagnosed from 1995–2002 all African Americans 
diagnosed from 1995–1999, and a 10% random sample of NHWs diagnosed from 1995–
1999. Population-based controls from the same geographic area as the cases were identified 
through random-digit dialing and frequency-matched on self-reported race/ethnicity and 5-
year age group to the expected distribution of cases. Self-reported race/ethnicity and study 
eligibility were assessed by a telephone screening interview with participation rates of 89% 
for cases contacted (alive, locatable, no physician refusal) and 92% for controls contacted. 
An in-person interview was completed by 2,258 (88%) eligible cases and 2,706 (85%) 
eligible controls.
The NC-BCFR identified cases aged 18–64 years diagnosed from 1995–2009 in several 
phases. They included cases living in Alameda, Contra Costa, Marin, San Mateo, San 
Francisco, Santa Clara, Santa Cruz, and Monterrey counties at diagnosis identified through 
the Greater Bay Area Cancer Registry (any race/ethnicity diagnosed from 1/1995 to 9/1998; 
Hispanics, African Americans, Chinese, Filipinas and Japanese diagnosed from 10/1998 to 
4/2002; and Hispanics and African Americans diagnosed from 5/2002 to 8/2009). 
Additionally, the NC-BCFR included Hispanic and African American cases diagnosed from 
1/2005 to 12/2006 and living in Sacramento and Solano counties at diagnosis; they were 
identified by the Sacramento and Sierra Cancer Registry. All cases with indicators of 
increased genetic susceptibility were eligible to enroll in the NC-BCFR (21). Cases not 
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meeting these criteria were randomly sampled. Given the large number of diagnoses in 
NHW women, they were randomly sampled at 2.5%; racial/ethnic minorities were 
oversampled at 15% in Phase 1. Population-based controls from the same geographic area as 
the cases diagnosed from 1995–1998 were identified through Random Digit Dialing and 
frequency-matched on self-reported race/ethnicity and 5-year age group at a case:control 
ratio of 2:1. A telephone screening interview assessed study eligibility and self-identified 
race/ethnicity (participation: 85% of contacted cases and 82% of contacted controls). An in-
person interview was completed by 3,631 (78%) cases selected for NC-BCFR and 626 
(91%) eligible controls.
A total of 3,384 cases and 3,332 controls with complete interview and address data were 
eligible for this analysis after excluding NC-BCFR cases diagnosed from 1999–2009 
without matched controls. We used the SFBCS interview data for 339 cases that participated 
in both studies. We excluded participants with non-geocodable addresses (198 cases, 38 
controls), missing education (34 cases, 85 controls), and racial/ethnic groups for whom the 
numbers of controls were too few for analyses (Asian American (231 cases, 86 controls) and 
Other (11 cases, 6 controls) race/ethnicity), and cases with in situ breast cancer (n=11), prior 
breast cancer (n=49), or ultimately determined not to be a CCR-reportable case (n=12). Data 
on the remaining 2,838 cases and 3,117 controls were used in the present analysis.
Data Collection
The SFBCS and the NC-BCFR used similar structured questionnaires on breast cancer risk 
factors administered in-person at the participant’s home by professional trained bilingual 
and bicultural interviewers in English, Spanish or Chinese (20). Information was collected 
up to the reference year, defined as the calendar year before diagnosis (cases) or selection 
into the study (controls). Both studies collected information on demographics, migration 
history, menstrual and pregnancy history, breastfeeding, first-degree family history of breast 
cancer, personal history of benign breast disease, hormone use, height, weight, alcohol 
consumption, and physical activity. Data were harmonized according to common definitions. 
Body mass index (BMI; kg/m2) was calculated as self-reported weight in the reference year 
divided by height at interview (self-report in NC-BCFR; measured in SFBCS). Lifetime 
recreational activities were available from both studies and harmonized as described 
elsewhere (23).
Residential addresses at the time of diagnosis (cases) or the reference year (controls) were 
batch geocoded in ArcGIS (ArcGIS, Version 10; Environmental Systems Research Institute, 
Inc., 2011) and assigned a 2000 Census block group, an area with an average of 1,500 
residents. A total of 304 (12%) block groups had only one of each case and control and 941 
(36%) had one or more case and control. Addresses were standardized to conform to U.S. 
Postal Service specifications using ZP4 software (ZP4. Monterey, CA: Semaphore Corp., 
2011). Additional manual review of addresses that did not batch geocode resulted in the 
overall successful geocoding of 97% of residences. We operationalized nSES based on a 
composite index created using principal component analysis and resulting in seven 2000 
Census block group-level measures (Liu education index (25) that weights the proportion of 
residents aged ≥ 25 years with a given level of education by the number of years needed to 
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attain that education level; proportion with a blue collar job; proportion aged ≥ 16 years in 
the workforce without a job; median household income, percent below 200% of the poverty 
line, median rent, median house value) (26), explaining 60% of the overall variability. We 
scaled nSES and population density (population/m2) based on the quintile distribution for all 
block groups in California. The highest- and lowest-nSES quintiles represent the best and 
worst nSES categories, respectively. Other block group-level measures, including percentage 
of foreign-born residents, percentage of crowded households (households with ≥ 1 occupant 
per room), and percentage of residents who commute ≥60 min/day by car or motorcycle 
(19), were scaled based on the quartile distribution among controls.
Neighborhood amenities within walking distance, quantified as 1,600 meter pedestrian 
network distance, from a participant’s geocoded residence were derived in ArcGIS per a 
defined activity window (one year prior to reference year, during the reference year and two 
years after the reference year) using business listings from Walls & Associates’ National 
Establishment Time-Series Database (27), farmers’ markets listings from the California 
Department of Food and Agriculture (28), and park listings from NavTeq’s NavStreets 
database (29). Neighborhood food and retail environment were characterized based on two 
metrics: Restaurant Environment Index (REI), defined as the ratio of the number of fast-food 
restaurants to other restaurants; and Retail Food Environment Index (RFEI), defined as the 
ratio of the number of convenience stores, liquor stores, and fast-food restaurants to 
supermarkets and farmers’ markets (30). Street connectivity at the Census tract level, a 
measure of walkability, was assessed using the gamma index, defined as the ratio of actual 
number of street segments to maximum possible number of intersections (31), with data 
from NavTeq’s NavStreets database (29). These neighborhood characteristics were scaled 
based on the tertile or quartile distributions among controls, to balance sample sizes across 
categories of each neighborhood measure.
Statistical analysis
Multivariable multilevel logistic regression models were used to estimate odds ratios (OR) 
and 95% confidence intervals (CI) for breast cancer risk associated with education and/or 
nSES, with a random intercept for each block group to account for clustering of individuals 
within neighborhoods. Stratified analyses are presented to examine differences across racial/
ethnic groups and, among Hispanics, by nativity (U.S.-born vs. foreign-born). Models were 
adjusted for age, study, and risk factors associated with breast cancer risk (P < 0.05 in 
models adjusted for age, race/ethnicity, and study): first-degree family history of breast 
cancer, benign breast disease, age at menarche, parity, breastfeeding, age at first full-term 
birth, menopausal status, menopausal hormone therapy use, alcohol intake in reference year, 
and body mass index (BMI) in reference year. The lowest two nSES quintiles were collapsed 
for NHWs and U.S.-born Hispanics due to small numbers. We sequentially adjusted for 
additional neighborhood characteristics to determine the extent to which they explained the 
nSES-breast cancer associations. We created a composite variable to examine joint 
associations for education and nSES: low education (≤high school degree) versus high 
education (>high school degree) and low nSES (quintiles 1 to 3) versus high nSES (quintiles 
4 to 5) (24). Tests for heterogeneity/interaction were performed by adding a multiplicative 
cross-product term of race/ethnicity and nativity with education, nSES, or composite 
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education-nSES variable or education (low, high) with nSES (low, high) variables. Tests for 
trend were performed by entering the categorical variable as an ordinal parameter. Analyses 
were conducted using SAS (version 9.3, Cary, NC), with a 2-sided P value of < 0.05 
considered statistically significant.
RESULTS
NHW, African American, U.S.-born Hispanic, and foreign-born Hispanic women comprised 
40% (n=1,141), 20% (n=563), 20% (n=570), and 20% (n=564) of the breast cancer cases, 
respectively. Education and nSES were modestly correlated among cases and control 
(ρ=0.39 for both). Figure 1 shows the geographic locations of the cases and controls, 
overlaid onto the geographic variability of nSES. Among both cases and controls (Table 1), 
most NHWs had beyond high school education and lived in high-SES neighborhoods 
(quintiles 4 and 5). African Americans were more likely to live in low-SES neighborhoods 
regardless of education, while higher education corresponded with living in high-SES 
neighborhoods among NHW and Hispanic (U.S.- and foreign-born) women. A higher 
proportion of foreign-born compared to U.S.-born Hispanic women with lower education 
lived in low-SES neighborhoods. Across race/ethnicity and nativity, cases compared to 
controls were more educated and more likely to live in the highest-SES neighborhood 
(quintile 5), and therefore more likely to be in the highest concordant education-nSES 
category (Table 1).
For both cases and controls, there was substantial variability in the distribution of individual-
level breast cancer risk factors (Table 1) and neighborhood factors (Table 2) by race/
ethnicity and nativity. NHW women were more likely than other groups to be nulliparous, 
aged 30 years or more at first full-term birth, normal weight (BMI < 25), and alcohol 
consumers. African Americans and U.S.-born Hispanics were more likely compared to other 
groups to not have breastfed and to be obese (BMI ≥30). Foreign-born Hispanics were more 
likely than other groups to be older at menarche (≥14 years), have four or more children, 
breastfeed for more than 12 months, and have limited alcohol consumption. Across racial/
ethnic and nativity groups, cases were less likely than controls to live in neighborhoods 
characterized by high (quartile 4) population density, high (quartile 4) household crowding, 
and high density (≥ 4) of parks.
Education was associated with breast cancer risk only among Hispanics, with heterogeneity 
by race/ethnicity and nativity (Pheterogeneity=0.03; Table 3). A positive association with 
education was observed among foreign-born Hispanics without adjustment for nSES 
(Ptrend<0.01). The association was attenuated after adjustment for nSES (Ptrend=0.04) and 
only the OR estimate for vocational/technical degree or some college compared to some 
high school or less remained statistically significant (OR=1.62; 95% CI, 1.13–2.32). An 
opposite pattern of association was observed among U.S.-born Hispanics (Ptrend=0.07); 
statistically significant inverse associations were observed after adjustment for nSES 
(Ptrend=0.01).
Consistent associations between nSES and breast cancer risk were observed across race/
ethnicity and nativity (Pheterogeneity=0.30), with women living in high-SES neighborhoods 
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being at increased odds for breast cancer and with evidence of a positive dose-response 
gradient (Table 3). Across all racial/ethnic and nativity groups, living in the highest relative 
to lowest nSES quintiles (lowest two quintiles for NHWs and U.S.-born Hispanics) was 
associated with 66%-222% greater odds of breast cancer without adjustment for nSES and 
74%-227% greater odds of breast cancer with adjustment for nSES. Considering the joint 
associations of education and nSES, different patterns of associations were observed across 
race/ethnicity and nativity (Pheterogeneity<0.01). Statistically significant positive associations 
were observed between high nSES and breast cancer (64–83% greater odds) regardless of 
individual education among NHWs (Pinteraction=0.72). Among foreign-born Hispanics, joint 
high education/high nSES was associated with 2-fold higher odds compared to their race/
ethnic/nativity-specific low education/low nSES counterpart (Pinteraction=0.11).
Neighborhood SES-breast cancer associations were attenuated across race/ethnicity and 
nativity with adjustment for urban characteristics (Table 4, Model 2) and mixed-land use 
characteristics (Table 4, Model 3). Significant associations persisted with adjustment for 
urban characteristics only among NHWs and with adjustment for mixed-land use among 
NHWs and U.S.-born Hispanics. When accounting for education and nSES (Supplemental 
Table 1), we observed significant inverse associations between odds of breast cancer and 
population density among NHWs (Ptrend=0.01), household crowding among African 
Americans (Ptrend=0.02) and foreign-born Hispanics (Ptrend=0.02), REI among NHWs, 
African Americans, and foreign-born Hispanics (Ptrend≤0.01 for all), and street connectivity 
among NHWs (Ptrend=0.01).
DISCUSSION
This is the first study, to our knowledge, to investigate the independent and joint associations 
of individual- and neighborhood-level SES on breast cancer risk among multiple racial/
ethnic groups and by nativity among Hispanics. Combining data from two population-based 
California studies, we observed a positive nSES gradient of increased odds of breast cancer 
independent of education and individual-level breast cancer risk factors. Women residing in 
the highest versus lowest nSES quintile had about a two-fold higher odds of breast cancer 
with consistent associations across race/ethnicity and nativity. Furthermore, when 
considering education and nSES jointly using a composite variable, higher nSES was 
consistently associated with increased odds of breast cancer regardless of education; 
however, for most groups except NHWs, this nSES association was attenuated after 
adjusting for neighborhood built environment characteristics.
The present study begins to examine the underlying mechanisms explaining the contextual 
role of high nSES on breast cancer risk. We found that adjustment for urban characteristics 
attenuated the nSES-breast cancer association among African American, U.S.-born Hispanic 
and foreign-born Hispanic women, consistent with prior studies (17, 18), suggesting that 
neighborhood characteristics related to urban areas partly drive the association with nSES. 
This is supported by studies showing higher breast cancer incidence in urban and suburban 
than rural regions (32). Adjustment for mixed-land use attenuated the nSES-breast cancer 
association among African Americans and foreign-born Hispanics. Access to and utilization 
of mammography has been hypothesized to explain the increased risk associated with high 
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nSES; yet, the association persists in studies adjusting for mammography, although these 
studies are limited by lacking details on timing and frequency of mammography (14, 17, 
18). We were unable to adjust for mammography in the present study because it was only 
asked in the SFBCS. Rather than reflecting a pure neighborhood effect, the consistent nSES-
breast cancer association may reflect compositional effects of individual-level SES that is 
not fully captured by education. Further research is needed to identify the unique aspects of 
high nSES, urban environments, and/or residents within those environments that pre-dispose 
them to higher risk of breast cancer.
Our finding of higher odds of breast cancer among women residing in neighborhoods of 
higher SES independent of individual-level risk factors is consistent with other population-
based case-control studies that assessed associations with nSES at diagnosis (17, 18); 
however, the magnitude of association in our study is higher. In a Wisconsin case-control 
study examining tract-level nSES (18) and a Massachusetts case-control study examining 
block-group level nSES (17), living in the highest compared to the lowest nSES quintile was 
associated with 20–30% higher odds of breast cancer among primarily NHW women, while 
in the present study we observed about two-folds higher odds of breast cancer among 
NHWs, with slightly lower odds among African Americans (OR=1.7) and Hispanics 
(OR=1.8 for U.S.-born; OR=1.9 for foreign-born). A higher magnitude of association 
(OR=1.69) was observed when considering a 10-year latency period in the Massachusetts 
study (17). The higher magnitude of association we observed in our study may reflect the 
younger age of the cases (66% aged <60 years) compared to the Wisconsin (mean age 62 
years) and Massachusetts (30% aged <60 years) studies, as another study using cancer 
registry data has found greater nSES gradients in breast cancer incidence among younger 
populations (26).
In contrast, prospective studies show null associations between block group-level nSES and 
breast cancer risk after accounting for education and individual-level risk factors (13, 14, 
16). In the Black Women’s Health Study, associations close to the null were observed 
between a block group nSES measure and breast cancer risk (14). However, nSES was 
associated with estrogen receptor-positive breast cancer, but associations were attenuated 
close to the null after adjustment for education, reproductive and behavioral risk factors (14). 
In contrast, we did not find an association with education in African American women, but a 
robust association with nSES; the differing results may be a function of potentially larger 
nSES variability in our sample (given that the San Francisco Bay Area is one of the highest 
SES regions in the U.S.), and differences in the timing of assessment of residential nSES. 
Limited sample size and diverse geographic area may account for the lack of association in 
the other prospective studies of mostly NHW women in Washington (13) and Maryland (16). 
We had limited power to examine differential nSES-breast cancer associations by race/
ethnicity/nativity and breast cancer subtypes. Socio-cultural factors might influence tumor 
biology, leading to more aggressive phenotypes among African Americans and Hispanics 
compared to NHWs (33, 34).
Weak or null education-breast cancer associations after adjustment for individual-level 
breast cancer risk factors are consistent with prior studies among NHW and African 
American populations (9, 14, 17, 18, 35, 36). In our study, additional adjustment for nSES 
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further attenuated the weak positive associations toward the null while other studies 
observed minimal attenuation with adjustment for nSES (17, 18). Previous studies among 
Hispanics have controlled for rather than examined education as a primary risk factor for 
breast cancer (4, 37). This is the first study, to our knowledge, to investigate the independent 
association of education with breast cancer risk among Hispanics. Although the association 
was modest and imprecise for college graduates, foreign-born Hispanics with a vocational/
technical degree or some college had a 62% higher odds of breast cancer compared to their 
counterparts with less than a high school degree, independent of nSES. Conversely, among 
U.S.-born Hispanics, higher education was associated with reduced odds of breast cancer. In 
contrast, the nSES-breast cancer associations were in the same direction for foreign-born 
and U.S.-born Hispanics. Education may capture different exposures among U.S.-born 
relative to foreign-born Hispanics and other racial/ethnic groups. Although foreign-born 
Hispanics have lower breast cancer incidence than U.S.-born Hispanics (38), established 
breast cancer risk factors explain less of the breast cancer risk in foreign-born than in U.S.-
born Hispanics (20), thus the higher odds may reflect unidentified early life or 
environmental exposures among foreign-born Hispanics with higher education. Education as 
a single measure of SES may not capture the relevant individual-level SES experience of 
foreign-born versus U.S.-born Hispanics (39, 40). Furthermore, SES is a complex and 
multidimensional construct and other metrics beyond education may explain racial/ethnic 
disparities in health (41, 42). Nevertheless, among a host of social factors, the structural 
social penalty of low education has been shown to be related with considerable adverse 
health outcomes (43).
Our study of pooled data from two population-based studies has several strengths. Foremost, 
it is the most racial/ethnically diverse study of nSES and breast cancer risk independent of 
individual-level breast cancer risk factors to date. Particularly, the sizable number of 
Hispanics cases allowed us to examine differential associations by nativity. We examined a 
suite of small-area level (block group) social and built environment attributes in relation to 
breast cancer risk as well as potentially explaining the nSES-breast cancer association. The 
data have high fidelity in comprehensively assessing a broad array of risk factors collected 
by bilingual and bicultural interviewers and race/ethnicity based on self-report.
Several limitations should be considered. Our study used secondary data to characterize 
neighborhood environments that do not capture individuals’ direct experience (e.g., access or 
utilization of amenities) and may not accurately characterize individuals’ self-defined 
neighborhood (44), potentially resulting in conservative estimates. Future studies should aim 
to include a combination of secondary (objective) and perceived measures of neighborhood 
environments (45). We did not have data on individual-level income or wealth, but education 
is a stable measure that is typically attained relatively early in life and associated with a 
more consistent SES gradient in breast cancer incidence than other measures (10). 
Cumulative exposures and lagged effects are important to consider for neighborhood studies 
and health (46), particularly given the now well-recognized significance of early-life 
exposures in breast cancer risk (47–51). We did not capture residential history and are 
unable to account for moves prior to diagnosis, potentially resulting in non-differential 
misclassification of neighborhood environments. Although our models account for 
clustering of individuals within neighborhoods, future studies should also consider spatial 
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models. However, results from one large cohort study suggest that current residence may 
reasonably approximate longer term environmental exposures related to urbanicity (52).
In conclusion, we found consistent nSES-breast cancer associations across several U.S. 
racial/ethnic and nativity groups. Adjustment for specific neighborhood factors attenuated 
the associations, suggesting they partly explain the association with nSES. We also 
discovered diverging education-breast cancer associations between foreign-born and U.S.-
born Hispanic women that warrant further investigation. In addition, foreign-born Hispanics 
appear to be more susceptible to the joint influence of both individual- and contextual-level 
SES on breast cancer risk. These results have important implications for targeting public 
health prevention strategies across racial/ethnic populations, provide potential leads in terms 
of focusing on high SES and urban communities, and better understanding breast cancer risk 
across the life course.
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Figure 1. 
Locations of cases and controls in the Neighborhoods and Breast Cancer Study, 1995–2002 
and geographic variability of composite neighborhood socioeconomic status (SES) for the 
San Francisco Bay Area based on seven U.S. Census 2000 block group-level measures: Liu 
education index, proportion with a blue collar job, proportion older than age 16 in the 
workforce without a job, median household income, percent below 200% of the poverty line, 
median rent, median house value. Neighborhood SES was scaled based on the quintile 
distribution for all block groups in California.
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Table 3
Associations between education, neighborhood socioeconomic status and breast cancer risk by race/ethnicity 
and nativity, the Neighborhoods and Breast Cancer Study, 1995–2002.
SES variable
Non-Hispanic white African-American U.S.-born Hispanics Foreign-born Hispanics
OR (95% CI)a OR (95% CI)a OR (95% CI)a OR (95% CI)a
Individual associationsb
Education
 Some high school or less 1.00 1.00 1.00 1.00
 High school degree or equivalent 1.25 (0.75–2.09) 0.89 (0.60–1.33) 0.77 (0.53–1.12) 1.03 (0.73–1.44)
 Vocational/technical degree or some 
college
1.16 (0.71–1.89) 1.09 (0.75–1.58) 0.70 (0.47–1.06) 1.81 (1.28–2.57)
 College degree or higher degree 1.16 (0.70–1.92) 1.08 (0.69–1.69) 0.65 (0.39–1.08) 1.54 (1.03–2.30)
       Ptrend 0.95 0.47 0.07 <0.01
nSESc
 Quintile 1-low nSES 1.00 1.00
 Quintile 2 1.00 1.38 (0.94–2.02) 1.00 1.00 (0.59–1.71)
 Quintile 3 1.35 (0.80–2.26) 1.77 (1.17–2.67) 0.96 (0.63–1.47) 1.20 (0.71–2.03)
 Quintile 4 1.74 (1.09–2.76) 1.77 (1.18–2.67) 1.33 (0.89–2.01) 1.21 (0.72–2.06)
 Quintile 5-high nSES 2.22 (1.43–3.46) 1.76 (1.10–2.83) 1.66 (1.10–2.52) 2.09 (1.21–3.61)
       Ptrend <0.01 0.01 <0.01 <0.01
Independent associationsb
Education
 Some high school or less 1.00 1.00 1.00 1.00
 High school degree or equivalent 1.12 (0.67–1.88) 0.86 (0.57–1.28) 0.71 (0.48–1.04) 0.94 (0.66–1.33)
 Vocational/technical degree or some 
college
1.00 (0.61–1.63) 0.99 (0.68–1.45) 0.63 (0.42–0.96) 1.62 (1.13–2.32)
 College degree or higher degree 0.95 (0.57–1.58) 0.95 (0.60–1.50) 0.53 (0.31–0.89) 1.34 (0.89–2.03)
       Ptrend 0.35 0.93 0.01 0.04
nSESc
 Quintile 1-low nSES 1.00 1.00
 Quintile 2 1.00 1.38 (0.94–2.02) 1.00 0.97 (0.57–1.63)
 Quintile 3 1.38 (0.82–2.31) 1.76 (1.16–2.67) 0.95 (0.62–1.46) 1.14 (0.68–1.91)
 Quintile 4 1.78 (1.12–2.84) 1.77 (1.17–2.69) 1.41 (0.93–2.13) 1.11 (0.65–1.87)
 Quintile 5-high nSES 2.27 (1.45–3.56) 1.74 (1.07–2.83) 1.82 (1.19–2.79) 1.83 (1.06–3.17)
       Ptrend <0.01 0.01 <0.01 <0.01
Joint associationsb
Education and nSESc
 ≤ High school degree, low nSES 1.00 1.00 1.00 1.00
 ≤ High school degree, high nSES 1.83 (1.14–2.95) 1.57 (0.98–2.52) 1.41 (0.98–2.04) 1.15 (0.86–1.53)
 > High school degree, low nSES 0.99 (0.59–1.65) 1.23 (0.90–1.68) 0.65 (0.40–1.06) 1.21 (0.78–1.89)
 > High school degree, high nSES 1.64 (1.06–2.54) 1.39 (0.97–1.97) 1.20 (0.81–1.78) 2.17 (1.52–3.09)
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Note: Values in bold represent a P value < 0.05.
aOdds ratios (OR) and 95% confidence intervals (CI) from multilevel logistic regression models with random intercept for each block group 
adjusted for age, study, family history of breast cancer, benign breast disease, age at menarche, parity, breast feeding, age at first full-term birth, 
menopausal status, menopausal hormonal therapy use, body mass index, and alcohol intake.
b
Education and neighborhood socioeconomic status (nSES) modeled in separate models for individual associations and modeled together in one 
model for independent associations. Joint associations based on combined education (high school degree or less vs. more than high school degree) 
and nSES (low (quintiles 1–3) or high (quintiles 4 and 5)) variable.
cComposite index for nSES based on seven U.S. Census 2000 block group-level measures: Liu education index, proportion with a blue collar job, 
proportion older than age 16 in the workforce without a job, median household income, percent below 200% of the poverty line, median rent, 
median house value. Quintiles based on statewide distributions. The lowest two nSES quintiles were collapsed for non-Hispanic whites and US-
born Hispanics due to small numbers.
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